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We investigate the dual superconductor model of color connement in SU(2) lattice gauge theory. We nd that
the transverse distribution of the longitudinal chromoelectric eld between static quarks displays the dual Meissner
eect. We also give evidence that the problem of color connement could be approached in the framework of the
't Hooft's Abelian projection.
To understand the non perturbative phe-
nomenon of the color connement G. 't Hooft[1]
and S. Mandelstam[2] proposed a model known
as dual superconductor model. The physical con-
cepts of this model stem from the theory of (elec-
tric) superconductivity.
In 't Hooft's formulation the dual superconduc-
tor model is elaborated in the framework of the
Abelian projection[3]. After a particular gauge
has been xed, reducing the symmetry to that
of the maximal Abelian (Cartan) subgroup, the
non Abelian gauge theory is described in terms
of Abelian projected gauge elds (\photons").
In this scenario there are also color magnetic
monopoles whose condensation should cause the
connement of all particles which are color elec-
trically charged with respect to the above \pho-
tons".
We direct our analysis to SU(2) lattice gauge
theory. In particular we want to investigate the
dual Meissner eect. To this purpose we study on
the lattice the transverse distribution of the lon-
gitudinal chromoelectric eld E
l
(x
?
) between a
static qq pair. We rst measure E
l
on SU(2) lat-
tice gauge congurations. E
l
is proportional to
the connected correlation function[4] of the pla-
quette U
P
with the parallel Wilson loop W con-
nected by the Schwinger line L
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By varying the distance of the plaquette U
P
to

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the Wilson loop W we are able to scan the eld
E
l
(x
?
).
If the chromomagnetic vacuum behaves like a
type II superconductor, the Meissner eect gives
rise to Abrikosov vortices. If the penetration
length  is much bigger than the coherence length
, the solution of the dual London equation is
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
; x
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> 0 : (2)
where 
e
is the electric ux and K
0
is the modi-
ed Bessel function of order zero. Equation (2) is
a straightforward consequence of the dual super-
conductor hypothesis (see also Refs. [5,6]).
We extract E
l
from correlations with 6  6 or
4  8 Wilson loops on a 16
4
lattice. Figure 1
shows the behavior of E
l
vs. transverse distance
x
?
with superimposed the t (solid line)
E
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) = A
M
K
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x
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) ; x
?
> 0 : (3)
which derives from Eq.(2). The quality of the
t improves if we discard the point at distance
1 (dashed line); this is reasonable since Eq.(3)
applies in the region  . The parameters A
M
and 
M
extracted from the t are consistent if
we use 6 6 Wilson loop or 4 8 Wilson loop in
Eq.(1).
We have also studied the chromoelectric eld
E
l
obtained by measuring the connected correla-
tion function Eq.(1) built out from Abelian pro-
jected links in the maximal Abelian gauge:
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Figure 1. Transverse distribution of the longitu-
dinal chromoelectric eld at  = 2:5. Solid and
dashed lines are discussed in the text.
The superscript means that the Wilson loop and
the plaquette are built out from the Abelian pro-
jected links. Maximal Abelian gauge on the lat-
tice[7] is xed by means of an iterative overre-
laxed algorithm.
The penetration length  = 1=
M
is obtained
by tting Eq.(3) to our numerical data. Figure 2
displays the values of the parameter 
M
in units
of 
L
vs.  (some of the data refers to our pre-
vious results on a 12
4
lattice[8]) obtained from
Abelian projected congurations in the maximal
Abelian gauge, together with 
M
obtained from
SU(2) congurations. One can see that within
statistical errors both measurements are in agree-
ment up to  ' 2:6 where presumedly lattice arte-
facts become to dele numerical results.
As concern the normalization A
M
in Eq.(3)
we observe that Eq.(2) and Eq.(3) implies that
A
M
 
2
M
. As a matter of fact Figure 3 shows
that A
M
=
2
M
is approximately constant. To un-
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Figure 2. 
m
=
L
vs. . Values from Abelian
projected 12
4
lattice (), Abelian projected 16
4
lattice (), and SU(2) 16
4
lattice (N).
derstand the dierent numerical values of the
normalization extracted from SU(2) congura-
tions (A
M
) or from Abelian projected congu-
rations in the maximal abelian gauge (A
ab
M
) we
point out that Eq.(2) implies electric ux 
e

electric charge and therefore A
M
=A
ab
M
 3 which
is the ratio between the SU(2) charge and the
Abelian projected one. Actually we nd out that
this ratio is quite consistent with 3. However bet-
ter statistics and further study is needed to x
this point.
As a further check of the dual superconduc-
tor model we measure the mass extracted from
the connected correlation functions of an opera-
tor with the quantum numbers of the photon[9],
built up using Abelian projected links in the max-
imal Abelian gauge. The photon mass m

should
be related to the penetration length of the chro-
moelectric eld, i.e. m

= 1= = 
M
. Figure
4 displays the ratio 
M
=m

which is consistent
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Figure 3. The ratio A
M
=
2
M
versus . Symbols
as in Fig.2.
with 1. Large statistical uctuations are essen-
tially due to the extimation of the photon mass.
In conclusion we have showed that the trans-
verse distribution of the longitudinal chromoelec-
tric eld due to static quark-antiquark pair sat-
ises the dual London equation. We have also
given evidence that the penetration length ob-
tained from Abelian projected links in maximal
Abelian gauge is compatible with the penetration
length derived from SU(2) gauge congurations
without gauge xing. Moreover we veried that
the ratio of the penetration length to the photon
mass is nearly 1. Thus we feel that the prob-
lem of color connement could be approached in
the framework of the dual superconductivity us-
ing the 't Hooft's Abelian projection. However
further studies are needed to understand what is
the analogous of the Cooper condensation which
gives rise to the chromomagnetic superconducting
vacuum.
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Figure 4. The ratio 
M
=m

versus . Symbols
as in Fig.2.
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